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(57)Abstract : 

problem to be SOLVED: To obtain a rare earth-aluminum-garnet fine 
powder excellent in sinterabi lity and dispersibility and having a 
uniform particle size. 

SOLUTION: This rare earth-aluminum-garnet fine powder is particles 
having >3.5 m2/g specific surface area, <1.8 pm average particle 
diameter D50, <10.0 ym difference between a 90% particle diameter (D90) 
and a 10% particle diameter (D10) of the particle size distribution and 
a rounded shape of primary particles and comprising a shape in which 
the particles are alone or two or more are connected. The size of 
crystallites is preferably <600 &angst;. The rare earth-aluminum-garnet 
fine powder is characterized as the rare earth-aluminum-qarnet 
represented by a compositional fo rmula of R3Al 5012 in which R comprises 
a composition of Al-XBX; A is one or more kinds selected from Y, Dy, 
Ho, Er, Tm, Yb and Lu; Bis one or more kinds selected from rare earth 
elements containing Y, with the proviso that A and B do not contain 
mutually the same elements; x denotes an atomic ratio and 0-0.2. 
Furthermore, the rare earth- aluminum-garnet fine powder is preferably 
the one containing at least one or more kinds of compounds of Mg, Si 
and ca in the total amount of 10-10,000 ppm. 
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CLAIMS 

[Claim(s)] 

[Claim 1] Rare earth and aluminum garnet impalpable powder whose mean 
particle diameter D50 specific surface area is 1.8 micrometers or less 
above 3.5m2/g and whose difference of 90% particle size (D90) of 
particle size distribution and 10% particle size (D10) is 10.0 
micrometers or less. 

[Claim 2] Rare earth and aluminum garnet impalpable powder according 
to claim 1 by which these are constituted from roundish [ wore the 
form of a primary particle ] by independent or the particle which 
consists of a configuration which stood in a row two or more pieces. 
[Claim 3] Rare earth and aluminum garnet impalpable powder according 
to claim 1 or 2 characterized by the magnitude of microcrystal being 
600A or less. 

[Claim 4] They are the rare earth and the aluminum garnet expressed 
with the empirical formula of R3aluminum 5012 . R consists of a 
presentation of Al-XBX. A Y, Dy, Ho, Er, Tm, A kind chosen from Yb and 
Lu or two sorts or more, a kind chosen from the rare earth elements in 
which B contains Y, or two sorts or more, However, for A and B, X 
which does not contain the same thing mutually is the rare earth and 
aluminum garnet impalpable powder according to claim 1 to 3 which 
expresses an atomic ratio and is characterized by being 0-0.2. 
[Claim 5] Rare earth and aluminum garnet impalpable powder according 
to claim 1 to 4 which contains at least one or more 10-10000 ppm sorts 
in the compound of Mg, Si, and calcium in total. 
[Claim 6] The sintered compact using the rare earth and aluminum 

?arnet impalpable powder indicated by either of claims 1-5. 
Claim 7] The manufacture approach of rare earth and aluminum garnet 
impalpable powder that specific surface area makes a rare earth 
mineral-acid salt water solution suspend the alumina which is 20- 
300m2/g, adds a precipitant, coats an alumina front face with rare 
earth elements, and consists of calcinating after filtration and 
washing. 
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DETAILED DESCRIPTION 

[Detailed Description of the invention] 
[0001] 

[Field of the Invention] This invention is excellent in 
dispersibility, restoration nature, and a degree of sintering, and 
relates to rare earth and aluminum garnet impalpable powder useful as 
a raw material for sintered compact composition, and its manufacture 
approach. 
[0002] 

[Description of the Prior Art] It is used as a translucent ceramics 
raw material, and also it mixes with other ceramic fine particles, and 
rare earth and aluminum garnet powder are used as sintering acid of a 
sintered compact. As the manufacture approach of these powder, the 
approach (solids-mixing method) of calcining the mixed powder of 
yttria and an alumina, and the method (liquid phase process) of 
calcining the precipitate obtained from the water solution of the 
mineral -acid salt of an yttrium and aluminum are reported. 
[0003] in order to become what has a large particle size of the fine 
particles obtained by the approach of calcining this after solids 
mixing about yttria and an alumina and to change a phase to a garnet 
phase, it is necessary to calcine at an elevated temperature rather 
than the fine particles obtained by the liquid phase process. For this 
reason, crystal growth is promoted, microcrystal becomes large, 
particle size also tends to become large, and specific surface area 
also becomes small. The powder by this approach has a low degree of 
sintering, and cannot obtain a precise sintered compact easily. Even 
if it makes particle size small by mechanical grinding of a ball mill 
etc., since microcrystal from the first is large, a degree of 
sintering may seldom improve but the evil to which purity falls by 
mixing of the fragment of a ball etc. may produce it. 
[0004] In order to make particle size small by the approach of making 
it coprecipitate from the water solution of an yttrium and the 
mineral-acid salt of aluminum, it is necessary to make concentration 
of the solution of a precipitate generate time thin, and productivity 
is not high. Furthermore, in the case of calcining, a particle grows, 
specific surface area becomes small and a degree of sintering does not 
become high, either. Therefore, since the degree of sintering is not 
good, in order to make the consistency of a sintered compact high, 
processing of HIP, a hotpress, etc. was needed, the conventional 
powder needed the expensive facility and productivity was not high [ 
the powder / particle size is large, and / it is irregular, and J, 
either. Moreover, width of face was in particle size distribution, and 
the dispersibility to other fine particles was also inadequate, when 
based on grinding, there were also problems, such as mixing of an 
impurity. 
[0005] 

[Problem(s) to be Solved by the invention] This invention tends to 
solve such a fault, is excellent in a degree of sintering and 
dispersibility, and makes it a technical problem to offer the rare 
earth and aluminum garnet impalpable powder to which grain size was 
equal . 
[0006] 

[Means for Solving the Problem] Specific surface area is more than 
3.5m2/g, and mean particle diameter D50 is [ the difference of 1.8 
micrometers or less, 90% particle size (D90) of particle size 



distribution, and 10% particle size (D10) of the rare earth and 
aluminum garnet impalpable powder of this invention ] 10.0 micrometers 
or less. The form of a primary particle is roundish [ wore ] and is 
that these are independent or a particle which consists of a 
configuration which stood in a row two or more pieces. It is desirable 
that the magnitude of microcrystal is 600a or less. Moreover, this 
inventions are the rare earth and an aluminum garnet expressed with 
the empirical formula of R3aluminum 5012. R consists of a presentation 
of Al-XBX. AY, Dy, Ho, Er, Tm, X to which a kind chosen from Yb and 
Lu or two sorts or more, a kind chosen from the rare earth elements in 
which B contains Y or two sorts or more, however A and B do not 
contain the same thing mutually expresses an atomic ratio, and it is 
characterized by being 0-0.2. Furthermore, it is desirable that they 
are the rare earth and aluminum garnet impalpable powder which 
contains at least one or more 10-10000 ppm sorts in the compound of 
Mg, si, and calcium in total. Moreover, this invention is the sintered 
compact which used the above-mentioned rare earth and aluminum garnet 
impalpable powder. Rare earth and aluminum garnet impalpable powder 
are manufactured by making a rare earth mineral -acid salt water 
solution suspend the alumina whose specific surface area is 20- 
300m2/g, adding a precipitant, coating an alumina front face with rare 
earth elements, and calcinating them after filtration and washing. 
[0007] 

[Embodiment of the Invention] this invention person made the 
configuration of a primary particle round, was small in particle size, 
and found out that it could be made to sinter on mild conditions by 
raising dispersibility and restoration nature by making particle size 
distribution into Sharp, and specific surface area's becoming large, 
being able to raise sintering activity by making microcrystal small, 
and using such fine particles. It is analyzed by law, and the 
magnitude of microcrystal is 600a or less, and mean particle diameter 
is 1.8 micrometers or less, namely, the data which, as for the garnet 
impalpable powder of this invention, the configuration is roundish, 
and measured microcrystal with the x-ray diffraction method — Wilson 
— while specific surface area is more than 3.5m2/g, the difference of 
90% particle size (D90) and 10% particle size (DlO) of particle size 
distribution is 10.0 micrometers or less, particle size has gathered, 
and it excels in restoration nature, and since surface energy is 
large, sintering activity is high. Here, roundish [ wore ] means that 
a constituent particle consists of a compound configuration of a 
circle or an ellipse, and there is no angle which has top-most 
vertices. 

[0008] When making a precise sintered compact, it is necessary to 
enlarge the consistency of the Plastic solid before the sintering but, 
and in order to acquire a Plastic solid with a large consistency, 
generally powder with the narrow width of face of particle size 
distribution with a small and grain size is required. It is because 
restoration nature will be bad and will become the large thing of a 
clearance, if setting mean particle diameter D50 to 1.8 micrometers or 
less has mean particle diameter larger than this. Restoration nature 
worsens by condensation of the grain child to whom mean particle 
diameter becomes small. It is the range of 0.2-1.8 micrometers 
preferably. Although it is desirable that it has been independent 
independently as for a particle, since the grinding processing by a 
short-time ball mill etc. can divide easily if the qestalt in the 
point of contact of a particle has a part for a dumbbell -like neck 

even if it stands in a row in extent shown in drawing X namely, it 

does not become especially a problem. 

[0009] The difference of 90% particle size (D90) and 10% particle size 
(DlO) of particle size distribution may be 10.0 micrometers or less 
because spots are made to restoration, and whenever [ restoration ] 
will be bad and will serve as a Plastic solid with many clearances, if 
width of face is in particle size distribution, since the powder after 
calcining generally in order to obtain a garnet phase has elevated- 
temperature hysteresis, specific surface area becomes small, by it, 



surface energy becomes small and a degree of sintering worsens, when 
carrying out specific surface area to more than 3.5m2/g has a specific 
surface area smaller than this, surface energy is small, and it is 
because a degree of sintering falls to the degree of pole, if specific 
surface area becomes large, since bulk density will become small and 
shaping will become difficult, it is good to consider as the range of 
3.5-25m2/g preferably. 

[0010] Although particle size can be made small and specific surface 
area can also be enlarged by mechanical grinding, in that case, a 
strain arises in a crystal, and it becomes the cause of reducing a 
degree of sintering, and is not so desirable. Moreover, at the time of 
processing by the ball mill, it also becomes the cause of the purity 
fall by impurity mixing by such mechanical process -- there is mixing 
of a ball fragment. As for the magnitude of the microcrystal which 
constitutes a particle, it is desirable that it is 600a or less. It is 
because a degree of sintering falls, and also there will be no 
distortion in a crystal and it will become difficult to obtain powder 
with a small particle size with sufficient di spersibility, if it is 
larger than this to make magnitude of microcrystal into 600a or less. 
The magnitude of the microcrystal of the alumina used as a raw 
material, the configuration of precipitate, particle diameter, and 
calcining temperature can adjust the magnitude of microcrystal. 
[0011] the structure which the particle (primary particle) was a 
particle constituted by the set of a detailed single crystal 
(microcrystal), and had a radius of circle without an angle in the 
front face as a configuration in order to acquire a precise Plastic 
solid by press forming etc. — the shape of spherical or a 
pseudosphere is desirable. It is because the angle between particles 
is caught in case it is restoration, when an angle is shown in a 
particle front face, and slipping worsens. The configuration of a 
particle is fundamentally prescribed by the configuration of the 
alumina which becomes the original nucleus. As rare earth elements 
which generate rare earth and an aluminum garnet, there are Y, Dy, Ho, 
Er, Tm, Yb, and Lu, and if it is a kind of these rare earth, or two 
sorts or more of mixture, a garnet phase exists as a stabilization 
phase. However, a garnet phase is obtained even if it carries out the 
little permutation of some of these elements by other 3a group 
elements (rare earth elements containing Y) . whenever [ permutation / 
of 3a group element to permute ] is made into less than [ of the 
above-mentioned rare earth elements which generate a garnet / 20 mol % 
]. when whenever [ permutation ] is enlarged more than this, it 
becomes impossible to generate a garnet phase. In addition, in Al-XBX 
in claim 4, when A-B is two or more sorts, x thru/or 1-x are 
considered with the total quantity. 

[0012] The impalpable powder by this invention is manufactured by the 
following approaches. The alumina and rare earth salt to be used are 
blended so that it may become the above-mentioned presentation, and a 
rare earth mineral -acid salt water solution is made to suspend an 
alumina first. Although the crystal phase of an alumina does not ask, 
preferably, its particle diameter is small and it uses a gamma alumina 
with a large specific surface area. The precipitant to rare earth is 
added to the solution which made rare earth mineral-acid salt water 
solutions, such as a nitrate and a hydrochloride, suspend an alumina, 
and coating of rare earth is made to form in an alumina, it comes out 
and the precipitant which reacts with R (rare earth elements 
containing Y) , and generates insoluble precipitate in water as a 
recipitant, for example, ammonia, an ammonium carbonate, an ammonium 
ydrogencarbonate, oxalic acid, a urea, and the homogeneous 
precipitation method that used disassembly of a urea preferably are 
performed that what is necessary is iust to be. the homogeneous 
precipitation method using disassembly of a urea — a urea — the mol 
of R — the amount of six to 20 times of a number -- desirable -- 
eight to 16 time ******, and 70-100 degree-Cx 2-12 hours -- 
desirable — 80-100degree-Cx --it carries out by heating for 2 to 6 
hours. 800-1500degree-cx after filtering and washing precipitate of 



the produced rare earth aluminum multiple oxide — the impalpable 
powder which has the garnet structure which consists of a single phase 
can be obtained for 1 to 8 hours by calcinating preferably in 1000- 
1450 degree-cx 2-6 hours (calcining), it depends for the grain size 
of the rare earth aluminum multiple oxide obtained, and the grain size 
of the garnet impalpable powder of this invention calcined and 
obtained on the grain size and particle size distribution of the 
alumina used with particle size distribution greatly. Moreover, since 
the magnitude of microcrystal becomes so large that it puts to an 
elevated temperature, it is important for it that the particle size of 
the multiple oxide of a garnet phase precursor is small and that it is 
the structure where microcrystal cannot grow easily. 
[0013] Therefore, as an alumina, specific surface area is more than 
20m2/g, it is desirable to use what has sharp particle size 
distribution, and, as for the ease of carrying out of filtration after 
precipitate generation to specific surface area, it is still more 
desirable that it is below 300m2/g. The alumina particle made to 
suspend is a small particle of microcrystal from the first, and after 
adding a precipitant, coating of rare earth is performed. In order 
that a particle may grow by making a minute alumina into a frame in 
the case of calcining, condensation of a particle is barred, even if 
it calcines precipitate of the garnet presentation acquired by this 
approach at an elevated temperature that it should make a single 
phase, its specific surface area is large and it can keep large 
surface energy important for making sintering after shaping easy. 
[0014] in this invention, although this particle is sintered, the 
compound of Mg, si, and calcium acts effectively as an assistant, when 
making an assistant contain, a fine-particles particle can be made to 
contain and diffuse an assistant by introduced and calcining an 
assistant even before the process which calcines from the process 
which makes precipitate generate, as a gestalt at the time of 
addition, salts, such as an oxide, a halogenide (a fluoride, 
chloride), and a nitrate, acetate, etc. are mentioned. As those 
addition approaches, there are an approach of mixing with the raw 
material powder for calcining with a ball mill etc. and an approach 
which add in the solution for precipitate and powder is made to 
contain from the beginning. 

[0015] By the specific gravity difference, coherent difference, etc., 
mixing to homogeneity may become difficult and the approach of mixing 
with a ball mill etc. may take several hours at mixing to it. on the 
other hand, the powder is made to sinter when contained from the 
beginning to powder — sufficient — there is an advantage whose 
workability improves. As for the addition of an assistant, it is 
preferably desirable to introduce into impalpable powder in 50-5000 
ppm 10-10000 ppm. Since the inclination for this assistant not to be 
distributed over the whole but for effectiveness to fade becomes 
remarkable, and compounds other than the phase made into the purpose 
may be made to generate when few [it separates from the numeric value 
of this addition, and ] when many, it is not [ both ] desirable. 
Furthermore, in this invention, fabrication of the above-mentioned 
rare earth and aluminum garnet impalpable powder can be carried out, 
it can be sintered, and a sintered compact can be obtained, although 
temperature and time amount are chosen so that sintering temperature 
may serve as a desired sintered compact -- 1500-1850degree-Cx -- it is 

?ood to make it sinter preferably in 1600-1800 degree-cx 2-6 hours 
or 2 to 10 hours. 
[0016] 

[Example] Hereafter, the example of this invention is explained. 
Gamma alumina 25. 5q (0.25 mols) which is 99.99% [ of [example 1] 
purity ] and specific-surface-area 145m2/g was suspended in 101. of 
0.03 mols [/l . ] nitric-acid yttrium solutions of 99.99% of purity. 
The precipitate in which the yttrium basicity carbonate adhered to the 
alumina front face was obtained by adding 144g of ureas to this, and 
heating in 80 degree-Cx 120 minutes. After filtering, washing and 
drying this, it calcined in 1250 degree-cx 6-hour atmospheric-air 



ambient atmosphere, and 56. 5g yttrium aluminum garnet (YAG) powder was 
obtai ned . 

[0017] This powder had the particle size distribution shown in Table 1 
when it measures using the micro truck SPA mold (trade name) by 
Nikkiso Co., Ltd., and specific surface area was 5.1m2/g. Moreover, 
the primary particle was carrying out the configuration which wore the 
radius of circle without an angle as the mi crophotography of drawing 1 
showed it. when measured with the x-ray diffraction method, it turned 
out that it is YAG single phase. It was 546a when the magnitude of 
microcrystal was calculated using the Wilson method, specific surface 
area was measured using the flow SOBUby shimadzu corp. 2300 mold 
(trade name). In addition, the description of the particle in the 
example and the example of a comparison described below is combined, 
and is shown in Table 1. 
[0018] 
[Table 1] 



[0019] water-soluble cellulose ether (shin-Etsu chemical [ Co., Ltd. ] 
product name: METOROZU) was mixed 1% of the weight to these fine 
particles, and when the Plastic solid was created by the die press by 
the pressure of 98.07MPa (1000 kgf/cm2) and it was made to sinter on 
the conditions of 1650 degree-cx 2 hours by the atmospheric-air 
ambient atmosphere, it had sintered to 99.4% of 2 the theoretical 
density of 4.55g/cm of YAG, and had transl ucency . 

[0020] The precipitate which Yb is used as [example 2] rare earth, and 
also is set to Yb:aluminum=3: 5 (mole ratio) like an example 1 was 
compounded, and the ytterbium aluminum garnet was manufactured. Also 
in the degree of sintering (sintered density), the result equivalent 
to YAG of an example 1 was obtained. 

[0021] The precipitate which Er is used as [example 3] rare earth, and 
also is set to Er:aluminum=3: 5 (mole ratio) like an example 1 was 
compounded, and the erbium aluminum garnet was manufactured. Also in 
the degree of sintering, the result equivalent to YAG of an example 1 
was obtained. 

[0022] The yttrium aluminum garnet which Y and Nd are used as [example 
4] rare earth so that it may be set to Y:Nd=14:l (mole ratio), a=y, 
B=Nd, and 3x=0.2, and also is expressed with the empirical formula of 
Y2.8Nd0.2aluminum 5012 like an example 1 and which doped neodymium was 
manufactured. Also in the degree of sintering, the result equivalent 
to YAG of an example 1 was obtained. 

[0023] To the YAG powder obtained in the [example 5] example 1, 100 
ppm of cao(s) were added as sintering acid before calcining, when this 
powder was made to sinter like an example 1, the sintered compact 
consistency after sintering at 1650 degrees C reached 100% of 
theoreti cal densi ty . 

[0024] 51. of nitric-acid yttrium water solutions with a concentration 
of 0.06 mols [/l . ] and 51. of aluminum-sulfate water solutions with a 
concentration of 0.05 mols [/l . ] were mixed, 384g of ureas was added, 
and it heated for 80 degree-Cx 2 hours, and after filter and wash [ 
make generate and ] the coprecipi tation Mr. object of aluminum and an 
yttrium and dry it, it calcined in 1250-degree-c atmospheric-air 
ambient atmosphere, and yttrium aluminum garnet (YAG) powder was 
obtained, so that it might become a [example 1 of comparison] YAG 
presentation, when this powder was measured like the approach of an 
example 1, it is physical properties as shown in Table 1, and it 



turned out that particle size is large and the width of face of 
particle size distribution is also large. Moreover, the primary 
particle was carrying out the configuration with many angles as the 
microphotography of drawing 2 showed it. water-soluble cellulose ether 
(above) was mixed 2% of the weight to these fine particles, the 
Plastic solid was produced by the die press by the pressure of 
98.07MPa (1000 kgf/cm2) , and when it was made to sinter on 1650-degree 
c conditions by the atmospheric-air ambient atmosphere, sintered 
density went up only to 86.8% of the theoretical density of YAG. 
[0025] A total of lOOg weighing capacity of the alumina (average 
grain-size [ of 0.32 micrometers ] and specific-surface-area 12.1m2/g) 
of 99.99% of the [example 2 of comparison] purity and the yttria 
(average grain-size [ of 1.1 micrometers ] and specific-surface-area 
30.6m2/g) was carried out so that it might become a YAG presentation, 
100ml isopropyl alcohol was added, it mixed with the ball mill using 
200g alumina balls, this was dried, and it calcined at 1500 degrees c. 
when particle size distribution were measured, it turned out that it 
is powder with very large dispersion in grain size. 
[0026] when measured with the X-ray diffraction method, even if the 
phase of an others and perovskite phase and raw material fine 
particles was intermingled and it raised temperature to 1500 degrees 
C, it turned out that calcining is not enough. [ phase / YAG ] 
Moreover, it was 656a when the magnitude of microcrystal was 
calculated using the Wilson method, when this powder was made to 
sinter like an example 1, the sintered compact consistency after 
sintering at 1650 degrees C went up only to 76.8%. 
[0027] 

[Effect of the Invention] As mentioned above, according to this 
invention, rare earth and an aluminum garnet roundish mean particle 
diameter D50 is 1.8 micrometers or less above 3.5m2/g, and wore the 
form of a primary particle as [ whose difference of particle size 
(D90) and 10% particle size (D10) is 10.0 micrometers or less ] and 
where particle size distribution were narrow, 90% have high 
productivity, and specific surface area is excellent in restoration 
nature, and it is single phase, and sintering activity is high. 
Therefore, if it fabricates and sinters using this rare earth and 
aluminum garnet impalpable powder, a sintered compact with high 
sintered density can be obtained on mild conditions. 



[Translation done.] 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation 
may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. in the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] — " — 

lPrawiog_ll it is the mi crostructure photograph in which the particle 
condition of ** and YAG obtained in the example 1 of this invention is 
shown . 

TDrawing 21 it is the mi crostructure photograph in which the particle 
condition of YAG obtained in ** and the example 1 of a comparison is 
shown . 



[Translation done.] 
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